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Sumary

talculate analytically the expected tune shifts
yotematic sextupole and deacapole errors in the
les of rteference deesign A at an enargy of
The momantus-dependent tune shift due to oc!-
icrors is dv; = -0,0557 for Ap/p = 12 x 10”7
oa sextupole co-poacn: in tha 88C dipoles Abz
1 less thaa 35 = 107",

Intreduction

tipole errore in the 88C wmagnets define the
ercuta for the fixed-target option, During
extractivo the amplitude growth of the reso-
:illations is genorsted by nonlinear fialds.
sextupoles ars utiliszed for l/)-integar reso-
raction. The field distortions present in the
les and quadrupoles can perturb or suppress the
growth of cthe oecillations.

systematic errors generste amplitude- and
-Jependent tune shifts; during the extraction
these effects can cause (1) a reduction in step
i extraction efficiency, (2) curving of the
ix, (3) possibly retrapping, and (4) emittance
Random errore due to errors in coil placemant
exasple, interfare with the extraction harmon-
avise; random horisontal fields near the coiles
ng magnets can increase tha vartical emittarne
ho extraction proceas.

thie shurt oote we estimate analytically the
fte caused by the wultipoles in tha S50 prolcn
ence design A, Ve rastrict the analysis to the

systeaaiic seextupole and decapole errors and
a sextupole errors. The machine energy is tak-
) TeVv. Then from pp., 184-187 of the reference
itudy | (lqp) ve use for the systesatic errors
110°4 ca™¢, b, a 9,52 x 1074 cw"%, and the ran-
upole Bby = 1,6 = 1074 en™2,

Tune Shifts Due to Systematic Brrors

' tune ahifts due to systematic errors were also
¢ analytically for the 8P8.2 Appronimate for-
re develuped that include only averaged quarti-
o expreassions zequire oo tracking or integra-
'‘ound the machine, Four formulea for the tune
an be written
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In Eqs. (1)=(4) v 1s the horizontal betatron tune
(wve assume v = 971/2), R 1s the machine radius (R =
14.324 km), a 1s the amplitude of the betacron oscilla-
tion of the particle messured at f# = , A is the
aperture of the magnet, snd Ap/p is the relative devi-
ation of the particle momentua from the nominal value.
The averaging of the listed powers of beta was accom-
plished by averaging over the etandard 200-a ¥UDO
ce 1-31 We obtain <B8l/2) = 11.8 al/2, ¢p3/2> = 378
107 w3/2, and <87/2> = 83,3 x 10 07/2,

"Equation (1) is the amplitude-deper jent tune ehift
due to sextupole errors and RBq. (2) is the nonlinear
momentua-dependent tune shift, Equations (3) and (4)
reapresent the tune shifts due to decapole errors--in
the former case the shifc 1s just due to Ap/p affects;
for the lacter the tuna shift arisas from combined ap/p
and amplitude dependence. The unonlinear equations used
to obt;tn Eqs. (1)~(4) are solved in Landau and Lif-
shits.

Equations (1)-(4) were evalusted sssuming the SSC
aparture A = 10 mm, Yy = 88,33, Bpy ~ JJ2 @, and a =
5 ma. e obtain av) = -0.00l, A&vy = =0.0337, Avy =
=2 » 10/, and &v, = -0,001)., For resonant extractlon
the Avy term will be facsl if the b, multipole 1is not
eorrected by at least a lactor of ~20, The stopband
width around v = 97 should be near £0.005.

Effecte Due to Random Errors

Random sextupole fields in the bending magnets can
giva rise to a sextupole component with, lornauluplo, [
292" harmonic that incerferes with the 292™ harmouic

gonerated intentionally for aextraction at v = 97173,
The harmonic ie given by"

Bo ap
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vhere B, is the dipole field (6.3 T), AB/B is the frac-
tional error field at the aperture A, ¢ = /da/(v8), and
Bgep 18 bata at the slow-axtraction seytum. For random
orrgrl we vrite
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To simplify matters ve assume 83/2 {s constant over the
3870 88C dipoles, A = 10 mm, Ly » 16.6 n, and Byap *
1300 m {n the centar of a utility straight section, Wa



o

arbitrarily choose S, 4, to amount to no more than 252
of the harwonic generated by the extraction sextupoles,
which we have calculated to be Sy = 133.3 al. This
condition, then requires (from Eq. (6)] that <AB/B> <
5.0 x 10"%. The SB8C dipoles do satisfy this require-
ment.

Conclusions

Based on the above analycis it asppears that slov
resonant extraction can proceed with a "gond fiald
aperture" of l-ca radius in the 88C, providing thar the
systematic sextupoles for the dipoles (b, as listed on
P. 184 in Ref. 1) can be reducad by at least a factor
of 20.
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